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INTRODUCTION 27
Industrially produced jarosite can pose significant environmental threats due to the toxic metal 28 impurities present in its structure; typically of the form AM3(OH)6(SO4)2, where M = Fe 3+ .
29
Commonly produced as a by-product of the hydrometallurgical refinement of zinc from 30 sulphide ores, the impurities present in the waste include Cu, Pb, Zn, Mn, Cd, Al, Cr, Ni, and 31
Co. Major quantities of jarosite are generated in China, USA, Canada, Japan, Australia, and 32 wastes is a desired step before disposal and/or material reuse. Despite causing 41 environmental damage, some of the metal impurities present within the waste have an 42 intrinsic value which may provide an opportunity for recovery [6] . An approximate composition 43 of an industrial jarosite is given in Table 1 [1-3, 6-8], with prices per tonne for each metal 44 taken from the London Metals Exchange (November 2016) [8] . In the most optimistic 45 circumstances the jarosite waste generated per annum could return a resource recovery 46 value of between £28-49 million. There is little associated value to recovering the Fe, and the 47
Cd and Pb content has not been included in this assessment. 48 49
This research is an initial study focusing on the application of ion exchange resins for the 50 recovery of metals with inherent value from jarosite wastes. The study is based on the 51 premise that the jarosite would be crushed, roasted with sulfuric acid, and leached with water
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133
The effect of sulfuric acid concentration on the extraction of metals from simulant jarosite 134 leach solution by the amidoxime functionalised resin S910 is provided in Figure 5 . It Figure 5 ). Given that S910 140
showed poor selectivity towards the elements of intrinsic value in the simulant solution, it 141
was not considered suitable for purpose within the jarosite treatment system, and no further 142 experimental work was performed for this resin. 143 144
Weak acid functionalised resins 145
The extraction of metals from jarosite leach simulant by the weak acid resin S950+, 146 containing aminophosphonic acid functionality, is shown in Figure 6 (Figure 7 ), potentially suggesting an alternative 158 extraction mechanism under these conditions. The extraction of Co 2+ and Ni 2+ does not 159 increase above 2 M sulfate, and remains unaffected by the resin functionality (Figure 7) . 160
161
The results of pH screening for the iminodiacetic acid-functionalized resin S930+ is 162 presented in Figure 8 . At lower H + concentrations, S930+ shows high selectivity towards 163
Cu
2+ and Fe 3+ , with reasonable removal of Ni 2+ also. The addition of sulfuric acid to the 164 simulant solution has a drastic adverse effect on the metal removal capabilities of this resin, 165
with extraction under 8% for all studied metals beyond 1 M H + ( Figure 8 ). As such, this resin 166 would be more suitable for operation at higher pH, where the selectivity series can be 167
The effect of ammonium sulfate addition on the uptake efficiencies of S930+ towards each 169 metal was studied at pH 1.45 ( Figure 9 (Figure 9 ). 173
The pH50 values for S950+ and S930+ are given in Table 4 . 174 175
Strong acid functionalised resins 176
The static extraction of metals from the PLS by strong acid resin S957 containing mixed 177 phosphonic acid and sulfonic acid functionality is shown in Figure 10 . The S957 resin is 178 selective for Fe 3+ over all the other metals in the PLS and also appears to be a good 179 extractant for Al 3+ . With increased addition of sulfuric acid, a sharp reduction in extraction 180 capability is observed for most metals, with the exception of Fe 3+ . The surface functionality of The effects of ammonium sulfate addition at pH 1.35 on the extraction of metals by S957, is 186 presented in Figure 11 . The increased sulfate concentration appears to have little effect on 187 the extraction of Fe 3+ and Al 3+ by the resin, with only a minor drop in extraction for Al in a more non-polar medium such as mixed aqueous methanol or dimethyl sulfoxide [14] . 209 Dowex M4195 is a weak base chelating resin with bispicolylamine functionality which shows 210 unique separation capabilities for first row transition metals from sulfuric acid (Figure 3) 
M4195 is most likely through an ion exchange mechanism. 222
To determine the effectiveness of M4195 for metal recovery from a jarosite PLS more 223 experiments are required regarding loading capacities and dynamic processing data. 224
The extraction of metal ions by S910 from sulfuric acid ( Figure 5) to S930+ (Figure 8) (Figure 7) , which do not form stable 258 anionic sulfate complexes at the studied pH (1.40), and so remain accessible to cation selectivity at these higher proton concentrations. Suppression of metal uptake at higher ionic 286 strengths by M31 indicates a cation exchange mechanism for both divalent and trivalent 287 metal cations with the sulfonic acid functionality (Figure 13) . The same can be said for S957 288 regarding the divalent metal cations, however the negligible effect of increased ionic strength 289 on trivalent metal cation extraction suggests the phosphonic acid functionality has a chelating 290 interaction with Al 3+ and Fe
3+
, but does not interact strongly with the M 2+ ions in solution 291 (Figure 11 ). The synthesis and use of bifunctional sulfonic-phosphonic acid functionality 292 resins like S957 was introduced to improve both the selectivity and kinetics of metal ion 293 extraction using strong acid resins [25] . The extraction kinetics are not explored in this study; 294 however, the added selectivity is clearly shown. M31 has little potential with regard to 295 selective valuable metal extraction from jarosite waste, but has potential for bulk ion removal. 296
The lack of selectivity by S957 rules the resin out for specific metal removal, but there is 297 potential for it to be used as a pretreatment to remove the less valuable iron from solution 298 under very acidic conditions to maximize the performance of subsequent exchange columns 299 (Figure 14) . 300 301 302
CONCLUSIONS 303
Based on the results of the current work, the following conclusions are drawn: 304 -Weak base and strong base resins are not appropriate resin functionalities for the 305 targeted recovery of metals from a jarosite leaching PLS. More work is needed to see 306 if these resins are more applicable to an alkaline leaching process using ammonium 307 hydroxide (NH4OH) or sodium cyanide (NaCN) as a lixiviant. 308 -Strong acid resins are not appropriate for targeted metal recovery due to the 309 suppression of uptake by high ionic strength. Purolite S957 with mixed phosphonic Figure 14 . A sand filter is used before the treatment column to remove particulate 320 and colloidal material that may affect the performance of ion exchange columns. The 
